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Description 

METHOD AND APPARATUS FOR 
LOCALIZED CONTROL OF A PLASMA 

CUTTER 

Background of Invention 

[0001] The present invention relates generally to plasma cutting 
systems and, more particularly, to a method and appara- 
tus for localized feedback and control systems. Specifi- 
cally, the present invention provides a system and method 
of controlling a plasma cutting process by localizing feed- 
back sensors and a processing unit within a plasma-cut- 
ting torch. 

[0002] plasma cutting is a process in which an electric arc is used 
to cut a workpiece. Plasma cutters typically include a 
power source, an air supply, and a torch. The torch or 
plasma torch is used to create and maintain the arc and 
plasma that perform the cutting. The plasma cutting 
power source receives an input voltage from a transmis- 
sion power line or generator and provides an output volt- 



age to a pair of output terminals, one of which is con- 
nected to an electrode and the other of which is con- 
nected to the workpiece. 

[0003] The air supply is used with most plasma cutters to help 
start the arc, provide the plasma cutting gas to the torch, 
and cool the torch. A movable or fixed electrode serves as 
a cathode and a fixed nozzle serves as an anode. The air 
supply moves the electrode and as the electrode moves 
away from the nozzle, it opens the nozzle, and a plasma 
jet is created. The plasma jet causes the arc to transfer to 
the work piece, and thus initiates the cutting process. In 
other plasma cutting systems, a high frequency starter is 
used to initiate the cutting process. 

[0004] The power source is typically supplied with operational 
feedback from the torch and a processor, disposed in the 
power source, interprets the data and controls the opera- 
tion of the power source and the plasma cutting process 
accordingly. For example, the processor in the power 
source is provided with feedback about the position of the 
torch trigger and whether all necessary torch components 
are securely in place at the torch. From the feedback, the 
processor determines whether to initiate cutting, pause 
cutting, discontinue cutting, or augment the operation of 



the plasma cutter during cutting. 

[0005] This feedback is typically provided via dedicated commu- 
nications lines. Therefore, for each form of feedback that 
is sent from the torch to the power source, an individual 
communications line is connected between the power 
supply and cutting torch. Therefore, a parallel communi- 
cations system is utilized to send feedback from the cut- 
ting torch to the power source whereby a processor dis- 
posed within the power source controls the operation of 
the plasma cutter accordingly. However, this system 
presents numerous drawbacks. 

[0006] First, plasma cutting is a high voltage process and there- 
fore the user must be mindful that precautionary mea- 
sures must be taken to avoid improper operation. As 
such, it is necessary to determine whether specific condi- 
tions are present prior to the initiation of cutting. For ex- 
ample, before the power source responds to a request for 
operational power at the torch, the processor of the power 
source typically determines whether a retaining cup, fas- 
tened at the torch tip and securing the electrode, is in 
place. This ensures that the torch is in operating condition 
prior to cutting. However, while it is common to provide a 
cup-attached signal before permitting operational cutting, 



additional feedback is limited by the number of communi- 
cation links between the feedback system located in the 
torch and the processing unit located in the power source. 
Specifically, since the feedback must be sent from the 
torch to the processor located in the power source, the 
feedback must travel over a lengthy cable connecting the 
torch and the power source. To control manufacturing 
costs and maintain portability of the plasma cutter, it is 
desirable to limit the number of communications links 
from the feedback system of the torch to the power 
source. As such, though additional sensors could be in- 
cluded to provide additional feedback regarding the 
plasma cutting process, the number of sensors to provide 
feedback is limited by the number of communications 
links. 

[0007] Second, such systems are dependent upon the power 

source for operational control. That is, though operational 
feedback is gathered at the torch, the torch is dependent 
upon the power source for all processing and control 
commands. As a result of this dependency, when replace- 
ments or upgrades to the control system are desired, it is 
necessary to replace the power source, and often neces- 
sary to replace both the power source and the torch. 



Therefore, incremental upgrades are generally cost pro- 
hibitive. 

[0008] it would therefore be desirable to design a plasma cutting 
system that is capable of controlling a plasma cutting 
process with increasing portability and interchangeability. 
It would also be desirable for the plasma cutting system to 
be incrementally upgradeable. Specifically, it would be de- 
sirable to design a plasma cutting system having localized 

feedback and control. 
Brief Description of Invention 

[0009] The present invention is directed to a system and method 
of coordinating operational feedback in a plasma cutter 
that overcomes the aforementioned drawbacks. Specifi- 
cally, the present invention provides a system and method 
to localize feedback and control of a plasma cutting sys- 
tem such that communication links throughout the 
plasma cutting system are reduced, response time to 
feedback is increased, and intercomponent dependencies 
are reduced. 

[0010] Therefore, in accordance with one aspect of the present 
invention, a plasma cutting system is disclosed that in- 
cludes a plasma cutting power source and a plasma torch 
operationally connected to the plasma cutting power 



source. A processing unit is disposed within the plasma 
torch and is configured to control the plasma cutting 
power source during a plasma-cutting process. 

[001 1] | n accordance with another aspect of the present inven- 
tion, a controller disposed within a plasma cutting torch is 
disclosed wherein the controller is configured to receive 
operational feedback regarding a plasma cutting process 
and process the operational feedback. The controller is 
configured to transmit a control signal to a plasma cutting 
power source, the control signal having at least one con- 
trol command that when processed by the plasma cutting 
power source causes a change in operation of the plasma 
cutting power source. 

[0012] | n accordance with yet another aspect of the present in- 
vention, a plasma cutting torch assembly is disclosed that 
includes a torch body enclosing a plasma-cutting elec- 
trode and a plurality of sensors disposed within the torch 
body, and configured to provide operational feedback re- 
garding a plasma cutter. A processing unit is disposed 
within the torch body to receive feedback from the plural- 
ity of sensors and is configured to control a plasma cut- 
ting process according to the feedback. 

[0013] Various other features, objects and advantages of the 



present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0014] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0015] in the drawings: 

[0016] Fig. 1 is a perspective view of a plasma cutting system in- 
corporating the present invention. 

[0017] pig. 2 is a cross-sectional view of a plasma cutting torch 
in accordance with the present invention. 

[0018] Fig. 3 is a schematic representation of a plasma cutting 

control system operable with the plasma cutting system 

shown in Fig. 1. 
Detailed Description 

[0019] The present invention is directed to an localized control 
system for a plasma cutter. Specifically, the present in- 
vention provides a system and method of to localize a 
feedback and control system of a plasma cutting system 
such that communication links throughout the plasma 
cutting system are reduced, response time to feedback is 
increased, and inter-component dependencies are re- 
duced. 



[0020] Referring to Fig. 1, a plasma cutting system 10 is shown. 
The plasma cutting system is a high voltage system with 
maximum open circuit output voltages ranging from ap- 
proximately 230 Volts Direct Current (VDC) to over 300 
VDC. The plasma cutting system 10 includes a power 
source 12 to condition raw power and regulate/control 
the cutting process. Specifically, the power source in- 
cludes a processor that, as will be described, receives op- 
erational feedback and controls the plasma cutting system 
10 accordingly. Power source 12 includes a lifting means 
handle 14 which effectuates transportation from one site 
to another. Connected to the power source 12 is a torch 
16 via cable 18. The torch 16 is defined at least by a torch 
body or housing 17 enclosing a plasma-cutting electrode 
19. Typically, the plasma-cutting electrode tip 19 has an 
insert formed therein that exhibits preferable electrical 
properties. That is, the insert is preferably formed of 
hafnium or zirconium. Enclosing the tip of the plasma- 
cutting electrode is a nozzle 46. The cable 18 provides 
the torch 16 with power and serves as a communications 
link between the torch 16 and power source 12. The cable 
18 contains two conductive paths. One conductive com- 
munications link or conductive path is dedicated to the 



transfer of power to energize the plasma-cutting elec- 
trode 19 and the other conductive path is dedicated to the 
transfer of control commands to the power source 12. In 
an alternative embodiment, the cable 18 contains one 
conductive path between the torch 16 and power source 
12 to transfer both control commands and power. Specifi- 
cally, a single conductive path is contained within the ca- 
ble 18 that simultaneously transfers power and control 
commands from the plasma torch regarding the plasma 
cutting process. 

[0021] Also connected to power source 12 is a work clamp 20 
which is designed to hold a workpiece (not shown) to be 
cut. Connecting work clamp 20 to the power source 12 is 
a cable 22 designed to provide a return path for the cut- 
ting current from the torch through the workpiece and the 
work clamp 20. Extending from a rear portion of power 
source 12 is power cable 24 having plug 26 for connect- 
ing the power source 12 to a portable power supply 28 or 
a transmission power receptacle (not shown). Power 
source 12 further includes an ON/OFF switch 30, latches 
32, and a model label 34. 

[0022] a gas bottle regulator 36 controls a supply of cutting gas 
delivered to the power source 12 via gas cable 38. A gas 



bottle 39 contains a supply of cutting gas which is avail- 
able to the gas bottle regulator 36. As such, the gas bottle 
regulator 36 controls the supply of cutting gas from the 
gas bottle 39 to the power source 12. In turn, the power 
source passes the cutting gas through an internal filter 
and regulator to control the supply of cutting gas via a 
gas supply cable 40 to the torch 16 for a plasma cutting 
process. 

[0023] Referring now to Fig. 2, a cross-section of a plasma cut- 
ting torch 16 is shown. Plasma torch 16 is defined by a 
torch body 41 that is designed to receive a shield cup 42. 
Shield cup 42 is connected to torch body 41 so as to de- 
fine a gas chamber 43 that, as will be described in greater 
detail below, allows for the heating and passage of a 
plasma. Centrally disposed within gas chamber 43 and 
connected to torch body 41 is consumable or electrode 
44. Consumable 44 is removably connected to torch body 
41 and is specifically designed for a particular plasma 
cutting process. That is, torch 16 is constructed such that 
various consumables may be interchangeably connected 
depending upon the particulars of a plasma cutting pro- 
cess to be carried out. 

[0024] Connected to shield cup 42 is tip 45 that is constructed to 



form a nozzle 46. In operation, gas is injected into cham- 
ber 43 via passages 48 and is heated to a plasma. The 
plasma is then forced out of the chamber through nozzle 
46 and out of the tip 45 via opening or aperture 50. Noz- 
zle 46 is designed to focus the velocity as well as the heat 
of an arc that is created between a workpiece (not shown) 
and consumable 44. Consumable 44 is constructed such 
that the arc extends across an arc path 52 out of the con- 
sumable through opening 50. 

[0025] Referring again to Fig. 1, to effectuate cutting of a work- 
piece, torch 16 is placed in close proximity to a work- 
piece. A user may then raise a trigger lock (not shown), in 
response to which a feedback signal is sent from a trigger 
sensor disposed within the torch 16 and connected to the 
trigger lock in the torch 16. The signal is received by a 
processing unit disposed within the torch 16. 

[0026] After the trigger lock is removed, the user may then press 
the trigger switch (not shown). Upon pressing the trigger 
switch, another feedback signal is sent from the trigger 
sensor disposed within the torch 16. The trigger switch 
feedback is again sent to the processing unit. The pro- 
cessing unit receives the signal, interprets the signal, and 
sends a control command to the power source 12, via the 



cable 18, where a control disposed in the power source 
12, operates in accordance with the control command. 
Specifically, in response to the trigger lock signal and a 
trigger switch signal, the processing unit interprets the 
feedback to signal a request to commence a plasma-cut- 
ting process and sends a control command to the control 
of the power source instructing the power source to de- 
liver the necessary power to the torch 16 to effectuate a 
pilot arc. 

[0027] a control signal causes the power source 12 to control the 
supply of cutting gas from the power source 12, through 
the gas supply cable 40, and to the torch 16. That is, gas 
is supplied from the gas bottle 39 or air compressor to 
the power source 12 whereupon dynamic control signals 
provided from the processing unit in the torch 16 and in- 
terpreted by the power source 12 controls the flow of gas 
to the torch 16. The gas is then introduced to a gas 
chamber or volume in the plasma torch 16 whereupon the 
gas is heated to a plasma state, as is well-known. Specifi- 
cally, when the cutting gas arrives at the electrode 19 of 
the torch 16 the pilot arc current generated by the supply 
of power from the power source 12 through the electrode 
19 causes the cutting gas to enter the plasma state. The 



cutting gas is then passed under force at a high speed to- 
ward the workpiece. The high speed plasma cuts through 
the workpiece which is made molten by the transfer of 
power from the tip of the cutting electrode 17 to the 
clamp 20 via the workpiece. Beyond effectuating the cut- 
ting of the workpiece, the cutting gas is also directed 
around the perimeter of the cutting area to shield the cut. 
As such, a plasma cutting process is initiated in response 
to control commands sent by the processing unit dis- 
posed within the torch 16. 
[0028] Beyond the trigger lock and trigger depression sensors, 
additional sensors may be included within the torch 16 to 
send additional feedback, specific to plasma cutting, to 
the processing unit of the torch 16. For instance, sensors 
to monitor air pressure, tip and electrode type, safety 
trigger, and consumable life may be included. Other addi- 
tional sensors to provide feedback regarding a plurality of 
plasma cutting operations may also be included. For ex- 
ample, sensors may be constructed and disposed within 
the torch 16 to send feedback regarding cup position, 
shorted component, torch temperature, trigger position, 
operation amperage, current transfer, and voltage drop, 
as well as any other operational conditions capable of be- 



ing monitored. Specifically, a wide range of feedback may 
be monitored to control the plasma cutting process with- 
out encumbering the plasma cutting system with an ex- 
tensive feedback and communication system because the 
feedback and processing systems are localized in the 
torch 16. That is, because the feedback need only be 
transmitted a short distance within the torch 16 to the 
processing unit, a plurality of feedback may be received 
without the need for additional support for transmitting 
the plurality of feedback over large distances, such as 
back to the power source 12. All feedback signals gener- 
ated remain in the torch 16 because they are sent from a 
sensor within the torch 16 to the processing unit within 
the torch 16. Therefore, even though multiple feedback 
signals are sent, received, and interpreted, complex 
transmission systems to send the feedback from the torch 
16 are not necessary because the process is localized 
within the torch 16. 
[0029] Rather than sending the feedback from the sensor dis- 
posed within the torch 16 to the power source 12 to be 
interpreted, all feedback remains within the torch 16 
where it is interpreted by the processing unit. Therefore, 
only control commands from the processing unit in the 



torch 16 to the power source 12 are sent from the torch 
16. The control commands form operational instructions 
that are implemented by the power source 12. For exam- 
ple, a control command may form an instruction to supply 
power to the torch 12. The control command may form an 
instruction to the power source to reduce the supply of 
cutting gas delivered to the torch 16. In this case, the 
control command is sent to the power source 12 via cable 
18, which thereby effectuates the instruction to reduce or, 
if applicable, terminate the flow of cutting gas from the 
power source to the torch 16. 
[0030] Therefore, the control commands are sent from the torch 
16 to the power source 12 via cable 18, which creates 
communications links between the torch 16 and the 
power source 12. The cable 38 provides the communica- 
tion link between the power source 12 and the gas bottle 
regulator 36, whereby control commands from the torch 
16 are relayed from the power source 12 to the gas bottle 
regulator 36. As such, a single communications line be- 
tween the torch 16 and the power source 12 is all that is 
necessary to create the communications system outside 
the torch because the processing unit of the torch 16 se- 
rializes all control command. 



[0031] Therefore, it is contemplated that the communication 

from the torch 16 to the power source 12 be via a serial 
link. In one embodiment the communications links also 
facilitate the transfer of power from between power 
source 12 and the torch 16. Accordingly, the communica- 
tions links serve dual purposes and a single conductive 
means is included within the cable 18 to transmit power 
and control commands. Therefore, it is contemplated that 
a filter to separate information signals from power signals 
may be employed. However it is also contemplated that 
the communications could be transmitted to the power 
source 12 as an analog signal or variable frequency signal 
via RF, infrared, or other known wireless methods. 

[0032] Referring now to Fig. 3, a schematic representation of the 
plasma-cutting control system in accordance with the 
present invention is shown. A plurality of feedback sen- 
sors is disposed within plasma torch 16 including a con- 
sumable sensor 54, an electrode sensor 56, a cup sensor 
58, a trigger sensor 60, an air pressure sensor 62, a tem- 
perature sensor 64, an amperage sensor 66, a voltage 
sensor 68, and user input sensor 70. However, this list of 
sensors is exemplary and is not exhaustive of those con- 
templated or applicable. For example, it is contemplated 



that multiple user input sensors may be provided to re- 
ceive a start pilot arc command, an adjust amperage com- 
mand, and an adjust voltage command. This list of user 
input sensor is also exemplary and is not intended to be 
exhaustive of those contemplated or applicable. Specifi- 
cally, it is contemplated that sensors to detect any or all 
user input associated with a plasma-cutting process may 
be included in the plasma torch 16. Each sensor 54-70 is 
connected to transmit feedback sensory information to a 
processing unit 72, which is also disposed within the 
plasma torch 16. 
[0033] The processing unit 72 receives the feedback from the 
sensors 54-70 across signal paths 74-90 and interprets 
the feedback to generated control commands. The control 
commands are then serially transmitted by the processing 
unit 72 to the power source 12 where the commands are 
received by control 92. That is, responsive to the feedback 
received via signal paths 74-90, the processing unit 72 
interprets the feedback received and generates a control 
command. 

[0034] Therefore, a plasma-cutting control system is created 
whereby the length of signal paths 74-90 is reduced. 
Specifically, by placing the processing unit 72 within the 



torch 16 the distance which feedback from sensors 54-70 
has to travel along signal paths 74-90 is greatly reduced 
as opposed to control systems where the processing unit 
72 is located externally from the torch 16. 
[0035] Accordingly, a plasma-cutting control system is created 
with an improved response time to a potentially problem- 
atic operating condition. That is, because any feedback is 
sent a short distance within the torch to the processing 
unit 72, delay between the generation of the feedback by 
the sensors 54-70 and the receipt of the feedback at the 
processing unit 72 reduced. Accordingly, the processing 
unit 72 can determine a potentially problematic operating 
condition from the feedback and generate a control com- 
mand to the power source 12 or gas bottle regulator 36 
before the potentially problematic operating condition 
persists. 

[0036] Furthermore, a plasma-cutting control system is created 
that increases interchangeability between the torch 16, 
the power source 12 and the gas bottle regulator 36. That 
is, the torch 16 may be configured to operate with multi- 
ple, different power sources 12 and/or multiple, different 
gas bottle regulators 36. Specifically, the torch 16 is not 
dependent upon the configuration of the power source 12 



or gas bottle regulator 36 because the torch 16 contains 
the processing unit 72 that controls the plasma-cutting 
process. As such, the torch may be configured to be 
portable and interchangeable between multiple configura- 
tions with different power sources and gas bottle regula- 
tors. 

[0037] | t j S contemplated that the current invention may be em- 
bodied in a plasma cutting system that includes a plasma 
cutting power source and a plasma torch operationally 
connected to the plasma cutting power source. A process- 
ing unit is disposed within the plasma torch and is config- 
ured to control the plasma cutting power source during a 
plasma-cutting process. 

[0038] it is further contemplated that the current invention may 
be embodied as a controller disposed within a plasma 
cutting torch wherein the controller is configured to re- 
ceive operational feedback regarding a plasma cutting 
process and process the operational feedback. The con- 
troller is configured to transmit a control signal to a 
plasma cutting power source, the control signal having at 
least one control command that when processed by the 
plasma cutting power source causes a change in operation 
of the plasma cutting power source. 



[0039] ^ is also contemplated that the current invention be em- 
bodied in a plasma cutting torch assembly that includes a 
torch body enclosing a plasma-cutting electrode and a 
plurality of sensors disposed within the torch body and 
configured to provide operational feedback regarding a 
plasma cutter. A processing unit is disposed within or 
mounted independently to the torch body to receive feed- 
back from the plurality of sensors and is configured to 
control a plasma cutting process according to the feed- 
back. 

[0040] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



